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Abstract 
Adaptability of inspection and testing activities in manufacturing systems is of high importance for sustaining quality of products and 
production processes. However, process models identifying the demand for changing quality testing activities as well as methodologies for 
systematic adaption of ongoing quality inspection processes are deficient. This is related to the fact that existing inspection planning procedures 
are primarily related to product and process development stages and not to ongoing series production. Furthermore, knowledge acquired by 
modifying ongoing quality inspection activities is seldom used systematically to improve inspection planning for future product and process 
development. This paper presents a holistic approach for inspection planning covering the systematic change and adaption process of inspection 
activities during manufacturing stage as well as knowledge transfer to future product and process development. By the evaluation of inspection-
related change demand, suitable design options for inspection process modification can systematically be derived. Based on the paradigm of 
engineering change management (ECM), the adaption of quality inspection processes can be planned, assessed and implemented. Finally, 
knowledge acquired by implementing inspection process modifications is transferred to inspection planning for future product and process 
development by using concepts of knowledge management. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
1.1. Motivation: Inspection planning during manufacturing 
stage 
Inspection and testing processes are vital in order to assure 
product and process quality during manufacturing stage [1]. 
The process of planning inspection activities for 
manufacturing stage, generally called inspection or test 
planning [1, 2] is a core activity of quality management and 
mainly takes place during product and process development 
[3]. In the stage of production ramp-up, previously planned 
testing activities are evaluated and adjusted [4] to ensure 
effective and efficient inspection processes. 
During manufacturing stage, the quality situation changes 
due to various internal and external influencing factors. On the 
one hand, shortcomings in quality due to supply-chain issues 
or unstable manufacturing processes occur and lead to 
increased failure costs or customer dissatisfaction. On the 
other hand, stabilisation or optimisation of production 
processes result in manufacturing quality enhancement 
offering cost reduction potentials for inspection costs. 
In order to optimise quality costs consisting of (1) failure 
prevention costs, (2) inspection or appraisal costs and 
(3) failure costs [2, 3, 5, 6], inspection processes and testing 
activities need to be adapted continuously to the actual quality 
situation of the manufacturing system. Consequently, 
inspection planning can be considered as a continuous project 
[6]. However, inspection processes in manufacturing systems 
are often regarded as a static unchangeable artefact resulting 
from the initial inspection planning process during precedent 
product and process development. This is related to the fact 
that there is a lack of process models for inspection planning 
dedicated to planning and adapting quality testing activities 
during manufacturing stage. 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Furthermore, in case of modifying quality inspection 
processes in ongoing manufacturing, the inspection-related 
knowledge of the adaption is seldom transferred to inspection 
planning for future product and process development. This is 
caused by a lack of consideration of knowledge transfer 
within inspection planning procedures. Consequently, there is 
a high demand for defining inspection planning procedures 
during manufacturing stage as well as linking the results of 
systematic adaption of inspection activities to inspection and 
test planning for future product and process development. 
1.2. Intent, scope and structure of this paper 
In order to facilitate systematic adaption of quality 
inspection processes during manufacturing stage as well as 
inspection-related knowledge transfer to inspection planning 
for future product and process development a holistic 
approach to inspection planning is presented. The approach 
contains a methodology for planning and adapting inspection 
processes during manufacturing stage as well as a concept 
linking the result to future inspection planning for product and 
process development by inspection-related knowledge 
management. 
To deduce the holistic approach, a summary of 
methodologies for inspection planning is presented in 
chapter 2. In this content, deficiencies of contemporary 
inspection and test planning methods are investigated 
regarding their applicability in manufacturing stage as well as 
their suitability for inspection-related knowledge transfer. 
Based on the need for action, potential solution concepts from 
the disciplines of engineering change management and 
knowledge management are investigated in chapter 3. It will 
be stated how process models from these disciplines are 
promising towards solving the aforementioned issues. 
Afterwards, a holistic approach for inspection planning, 
consisting of cross-linked process models for (1) inspection 
planning during development stage, (2) inspection planning 
during manufacturing stage and (3) inspection-related 
knowledge management is introduced in chapter 4. Especially 
the process models for inspection planning during 
manufacturing stage and inspection-related knowledge 
management are explicated thoroughly. 
2. Contemporary inspection planning 
2.1. Fundamentals of inspection planning 
Inspection planning is an integral part of quality control 
planning during product and process development [3]. The 
intent of inspection planning methodologies is to plan and 
design inspection and testing activities for quality assurance 
during manufacturing stage. There are various process models 
and methodologies for inspection planning in contemporary 
literature. Inspection planning during product and process 
development can be summarised by the following functions 
and activities [1, 2, 6-9]: 
x Definition of product and process inspection characteristics 
x Determination of the point of time and location for 
inspection processes in the manufacturing system 
x Definition of the inspection amount 
x Definition of the inspection type and procedure 
x Selection of the inspection personnel 
x Choice of adequate inspection equipment 
These process steps are not conducted sequentially but in 
an iterative way as there is a strong interdependence between 
all tasks [8]. The results of the whole planning process, taking 
place during product and process development, are transferred 
to the inspection plan or quality control plan for 
manufacturing stage [6]. In case inspection activities need 
further description, details about the inspection procedures are 
written down in additional test instruction documents [1]. 
These documents are used afterwards during manufacturing 
stage for test execution and test data analysis. 
2.2. Deficits of inspection planning during manufacturing 
stage 
As stated above, inspection planning activities mainly take 
place during the stage of product and process development 
[3, 8]. In this stage, inspection processes are mainly based on 
the experience of manufacturing and inspection processes 
from previous product generations or similar product groups 
[1]. By designing a new product or a new manufacturing 
process with different specifications, knowledge about 
product and process risks as well as suitable inspection 
processes are rare and mainly based on personal experience of 
the inspection planning personnel or on analytic 
considerations and methods, such as analysing risks of system 
components by conducting a Failure Mode and Effect 
Analysis (FMEA) [10]. 
In order to validate inspection activities, inspection 
processes are usually evaluated during production ramp up 
[4]. In this stage of the product life cycle, first data about the 
capability of the manufacturing processes is available leading 
to a first adjustment of ongoing inspection activities. When 
entering manufacturing stage, two important deficits related to 
contemporary inspection planning emerge which are 
explained in the following sections. 
During manufacturing stage various information sources 
are available which can be used for continuous evaluation of 
the effectiveness and efficiency of inspection processes. 
Nevertheless, contemporary inspection planning procedures 
do not explicitly address the function of constantly adapting 
inspection processes during manufacturing stage. Though 
there are methodologies for adapting certain functions of 
testing activities, such as dynamic sampling (i. e. skip-lot 
procedures for incoming goods inspection [11, 12]) a 
methodology for the continuous evaluation and systematic 
adaption of quality inspection processes is lacking. Hence, 
inspection activities conducted during manufacturing stage 
are often considered as static artefacts of the precedent 
inspection planning process, or they are merely adapted 
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unsystematically. This results in insufficient alignment of 
inspection and testing activities with the actual quality 
situation of the manufacturing system. 
As a consequence, quality costs regarding inspection and 
failure costs of the manufacturing system are unnecessarily 
high. On the one hand, raised inspection costs are caused by 
conducting inspection processes that are obsolete due to 
sufficient process capability. On the other hand, raised failure 
costs are caused by ineffective or inefficient inspection 
activities [13]. 
In case quality inspection processes are investigated and 
adapted during manufacturing stage, knowledge about 
aligning quality testing activities to the actual quality situation 
is generated. This knowledge is of high importance for 
inspection planning for future product and process 
development as it contains valuable information for avoiding 
planning failures leading to improved planning quality [6]. 
Nevertheless, due to deficits of planning methodologies for 
inspection processes during manufacturing stage 
(chapter 2.2), there is lack of systematic knowledge transfer 
for inspection-related adaption knowledge from 
manufacturing stage to subsequent inspection planning during 
development stage. Consequently, failures within inspection 
planning during product and process development are 
repeated, leading to inadequate inspection processes within 
future manufacturing systems. 
3. Solution principles for contemporary inspection 
planning 
In order to address the above-named deficits of inspection 
planning, both research fields of engineering change 
management as well as knowledge management provide 
promising approaches. Their key concepts and potentials 
towards a continuous and learning inspection planning 
methodology are investigated in the following sections. 
3.1. Engineering change management(ECM) in the context of 
inspection planning 
ECM is an important quality-engineering concept 
contributing to enhanced product traceability [3]. There are 
different definitions of the terms “engineering change” (EC) 
and the superior discipline of “engineering change 
management” (ECM) in contemporary literature [14]. A very 
general definition of the term “engineering change” is given 
by Hamraz, identifying EC as ‘changes and/or modifications 
to different aspects (structure, behaviour, functions) of a 
technical artefact’ [14]. A more practical definition of the 
ECM-term, which will be adapted here, is given by the 
Strategic Automotive Product Data Standards Industry Group 
(SASIG). It defines ECM as the “coordinated management 
and uniform tracking of changes […] for product and product 
related changes, elaborating one or more possible solutions, 
evaluating […] and implementing them with respect to 
engineering and manufacturing.” [15]. Figure 1 shows a 
reference process for ECM. 
 
Fig. 1. Reference process for ECM, based on [15] 
According to this definition, ECM focuses on a systematic 
approach towards performing a product-related change for a 
product which already entered manufacturing stage. In some 
cases the ECM process is subdivided into the early stage of 
engineering change request (ECR) and the later stage of 
engineering change order (ECO) addressing the 
implementation of the EC [15-17].  
This idea of a systematic change can also be applied to 
manufacturing processes [18] and consequently to inspection 
and testing processes. Hence, ECM provides the opportunity 
to systematically adapt inspection procedures during 
manufacturing stage. Nevertheless, activities concerning the 
modification of ongoing inspection processes need to consider 
the inspection planning functions (see chapter 2.1) as well as 
an inspection-specific change evaluation. As a consequence, a 
reference process for inspection planning during 
manufacturing stage based on ECM needs to be derived. 
3.2. Knowledge management in the context of inspection 
planning 
Within knowledge management (KM) all processes 
regarding identifying, creating, recording, distributing and 
applying information, findings and experiences are organised 
[19, 20]. Various process models for different phases of KM 
have been defined in contemporary literature [21]. In the 
following, the framework for key activities of KM stated by 
The Association of German Engineers (VDI) will be used to 
develop a process model for inspection-related KM. The 
framework consists of four stages: (1) creating knowledge, (2) 
storing knowledge, (3) distributing knowledge and finally (4) 
applying knowledge, see figure 2 [19]. 
Throughout the stages of KM, different facilitators, 
practices and methods (such as shared project folders, 
mentoring, project status reviews etc.) can be identified 
[20, 22]. In order to systematise KM-related facilitators, 
methods and tools of each stage of the above-named KM 
framework can be considered from the perspectives of 
(A) People (i. e. employee involvement into KM), (B) Process 
and Organisation (i. e. process organisation regarding KM) 
and (C) Technology (i. e. tools, documents and information 
technology of KM) [23, 24]. By investigating the KM 
framework from these three perspectives it is possible to 
identify facilitators, tools and methods which are crucial to 
the success of KM. 
Identification of potential change1
Development of alternative solutions2
Specification and decision on change
Engineering implementation of change
Manufacturing implementation of change5
3
4
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Fig. 2. Key activities of knowlegde management [19] 
In order to enable a knowledge transfer from a continuous 
inspection planning and adaption process during 
manufacturing stage to inspection planning for future product 
and process development, the above-named concepts and 
methods from the field of KM are promising. In case the 
adaption of an inspection process can be traced back to a 
planning failure, it is a significant challenge that mistakes of 
precedent planning activities are not repeated [22]. 
As the inspection planning process during manufacturing 
stage will be based on the ECM paradigm, the contribution of 
KM to the change of ongoing inspection activities shows great 
promise since both companies in a survey [25] and 
contemporary research [26] emphasise the benefit of KM 
applied to challenges within engineering change management. 
Consequently, an adaption of contemporary KM concepts to 
an inspection-related KM for the continuous inspection 
planning and adaption process during manufacturing stage 
need to be conducted, focusing on the knowledge transfer and 
its application within inspection planning for future product 
and process development (chapter 4.3). 
4. Process model for holistic inspection planning 
Based on the paradigms of engineering change 
management (chapter 3.1) and knowledge management 
(chapter 3.2), a holistic process model for inspection planning 
will be introduced in the following section. The term ‘holistic’ 
refers to the applicability of inspection planning processes to 
both development and manufacturing stage as well as the 
transfer of inspection-related knowledge from manufacturing 
stage to future product and process development. The process 
model consists of three process sections (see figure 3). 
During product and process development, the initial 
planning of inspection activities for manufacturing stage is 
conducted. Based on different inspection-related change 
drivers, the process section of inspection planning during 
manufacturing stage is triggered. After completing the 
planning and adaption of ongoing testing activities, 
inspection-related knowledge is acquired, stored and 
transferred to inspection planning to be applied within future 
product and process development. All process sections of the 
holistic approach for inspection planning are embedded into 
the product development process, initiated by market or 
customer requirements and resulting in manufactured 
products. 
 
 
Fig. 3. Holistic approach for inspection planning 
4.1. Inspection planning during development stage 
The first process section refers to the established 
procedures for inspection planning within product and process 
development as introduced in chapter 2. The result of the 
inspection planning process is the initial planning of quality 
inspection and testing activities for manufacturing stage 
representing the point of origin for the inspection planning 
process during manufacturing stage (chapter 4.2). As 
inspection planning methodologies during product and 
process development are well established, the first process 
section of the holistic model will not be addressed in further 
detail. The major supplement for inspection planning during 
development stage refers to the application of knowledge 
provided by inspection planning results during manufacturing 
stage which will be addressed in the process section of 
inspection-related knowledge management (chapter 4.3). 
4.2. Inspection planning during manufacturing stage 
Based on the paradigm of engineering change 
management, a reference process dedicated to continuous 
planning and adaption of inspection processes during 
manufacturing stage has been derived (see figure 4). The 
reference process differs from conventional inspection 
planning methodologies and focuses on identifying 
inspection-related change demand as well as deriving, 
evaluating and implementing change options for ongoing 
inspection processes and testing activities. 
The scope of the inspection planning process during 
manufacturing stage refers to planning and adapting 
inspection and testing activities which have already been set 
up or need to be established additionally. This implies the (1) 
adjustment or the (2) elimination of ongoing inspection 
processes as well as (3) adding further inspection processes to 
cover additional inspection characteristics. When speaking of 
adaption of inspection processes henceforth, these three 
possible change options are addressed. 
The inspection planning process during manufacturing 
stage is initiated by identifying change demand or change 
potential for inspection processes. Based on an analysis of 
inspection-related change drivers, a taxonomy for change 
drivers has been derived (figure 5). They can be classified into 
proactive as well as reactive change drivers. Proactive change 
drivers can generally be characterised by their preventive 
intent. Reactive change drivers are based on occurring failures 
and superior adaptions during manufacturing stage. 
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Fig. 4. Reference process for inspection planning during manufacturing stage 
These change drivers are responsible for triggering the 
inspection planning and adaption process in ongoing series 
production. Hence, a continuous or event-driven monitoring 
of inspection-related change drivers is mandatory. 
In the second step of the reference process, different 
change options for adapting inspection processes are derived. 
This process step aims at identifying different options for 
future inspection process in order to optimise the inspection 
situation according to the change drivers mentioned in 
figure 5. Whereas some change drivers directly imply options 
for changing and adapting quality inspection activities, at 
times the challenge is to identify suitable change options. For 
example, product specification changes or customer change 
requests regarding inspection processes implicate distinct 
change options for inspection activities. For some change 
drivers, such as efforts on inspection cost reduction, a diligent 
analysis of inspection costs as well as suitable change options 
is mandatory. The use of Six Sigma tools, such as root-cause-
analysis or 5-times-why methods can be used to identify 
optimisation potentials and hence suitable change options. 
By analysing change options for inspection processes in 
manufacturing systems the functions and activities of 
inspection planning introduced in chapter 2.1 can be 
considered to systematise change options and to find suitable 
solution concepts. Within each function of inspection 
planning different modification options can be identified. 
They are summarised in figure 6. 
After identifying different change options for inspection 
processes, an assessment of these options is performed. This 
is essential in order to evaluate whether the identified 
planning options outperform the initial inspection process of 
the manufacturing system and which planning option is the 
most beneficial. In order to perform a systematic evaluation of 
different planning options, evaluation methods such as cost 
benefit analysis or value benefit analysis can be used.  
 
 
Fig. 5. Inspection-related change drivers 
To identify inspection-specific evaluation criteria, different 
key assessment criteria from the four perspectives of the 
balanced scorecard concept have been derived (figure 7). 
They evaluate the potential influence of the adaption on 
financial goals, the customer, the production process as well 
as internal learning and development. 
By assessing and ranking different planning options 
compared to the initial state of the inspection processes, 
necessary elements of evidence for decision taking are 
provided in order to decide whether an adjustment of the 
ongoing inspection processes will be conducted or not. 
If one planning option excels the initial situation of the 
inspection process, a decision towards adjusting the 
inspection situation can be made in the fourth process step of 
the reference process. According to established engineering 
change management processes, the adaption of the inspection 
process is planned in greater detail after approving the change 
request (step 4-5). 
 
 
Fig. 6. Modification options for adapting inspection activities 
Identify inspection-related change demand / potential1
Planning of potential change options2
Assessment of change options
Decision on change implementation
Detailled planning of change implementation
Trial of inspection changes
Implementation/documentation of inspection changes
Evaluation of effectiveness
Inspection-related knowledge transfer
5
6
7
8
9
3
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Fig. 7. Criteria for evaluating inspection change options 
Before implementing the new or the adapted inspection 
process, a trial run needs to be conducted to verify the adapted 
inspection activity (step 6). Afterwards, the adaption of the 
inspection process can be implemented in the manufacturing 
system and documented in relevant documents, such as the 
control plan or test instructions (step 7). Within step 8, an 
assessment of the new inspection process’ effectiveness needs 
to be conducted in order to check whether the applied change 
has improved the inspection situation.  
The last step of the reference process (step 9) establishes a 
link between inspection planning during manufacturing stage 
and inspection planning for future product and process 
development. By conducting lessons learned, inspection-
specific elements of knowledge are collected and transferred 
to product and process development, which is described in the 
following section. 
4.3. Inspection-specific knowledge transfer to future product 
and process development 
By conducting the inspection planning process during 
manufacturing stage (chapter 4.2), inspection-specific 
knowledge is acquired that can be beneficial for inspection 
planning within future product and process development. 
Based on the approach of knowledge management, an 
inspection-specific knowledge transfer concept has been 
derived. The concept is based on the four stages of knowledge 
management (chapter 3.2) and is illustrated in figure 8. Within 
each step, the relevant perspectives of people, organisation 
and technology are addressed to state out the key facilitators 
for inspection-related knowledge transfer from inspection 
planning during manufacturing stage to inspection planning 
for future product and process development. The process steps 
as well as the key facilitators for inspection-related 
knowledge management assigned to each matrix field are 
subsequently described. 
 
 
Fig. 8. Concept for inspection-related knowledge management 
(1) Create inspection-related knowledge 
By conducting the process step of lessons learned within 
inspection planning during manufacturing stage (chapter 4.2), 
the inspection planning personnel acquires inspection-related 
knowledge elements (1 P). Examples for these knowledge 
elements are ideas for alternative inspection processes or 
knowledge about the trial results of inspection process 
changes. In order to link inspection planning during 
manufacturing stage with inspection planning for future 
product and process development, inspection planning 
personnel from product development should be involved in 
inspection planning during manufacturing stage (1 O). 
Furthermore, knowledge is also created by using tools of the 
inspection planning process during manufacturing stage, such 
as results from the value benefit analysis or the documentation 
of alternative inspection concepts (1 T). 
 
(2) Store inspection-related knowledge 
The process step of storing inspection-related knowledge is 
closely linked to tools and documents (2 T). Especially for 
failure-related events and adaptions a key tool for knowledge 
transfer is updating the corresponding product or process 
FMEA. Further tools are lessons learned workbooks, product 
change logs or KM databases based on wiki technology. To 
successfully establish tools for saving inspection-related 
knowledge, training needs to be provided for the inspection 
planning personnel (2 P). Furthermore, tools for storing 
inspection-related knowledge need to be declared as 
mandatory tools and documents when introducing the 
inspection planning process for manufacturing stage (2 O). 
 
(3) Distribute inspection-related knowledge 
In order to distribute the inspection-related knowledge to 
inspection planning personnel for future product and process 
development, tools and documents must be accessible (3 T). 
This is a general requirement that needs to be taken into 
account when establishing the corresponding IT-infrastructure 
for knowledge management. Regarding organisational 
facilitators for distributing inspection-related knowledge, 
regular or project-specific roundtables on inspection planning 
are promising (3 O). Nevertheless, the company-specific 
communication culture and the willingness to share 
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knowledge with other participants is a crucial facilitator to 
knowledge distribution (3 P). 
 
(4) Apply inspection-related knowledge 
When inspection-related knowledge has been transferred to 
inspection planning for future product and process 
development it needs to be applied effectively within future 
development projects. Therefore, employees responsible for 
conducting inspection planning during product and process 
development need to be trained in knowledge management 
tools and documents (4 P and 4 T). Furthermore, it is 
important to define knowledge management tools as 
mandatory input for inspection planning during product and 
process development in order to consider lessons learned from 
inspection planning during manufacturing stage (4 O). 
4.4. Benefits of the holistic approach 
The holistic approach for planning and changing quality 
inspection processes offers dedicated process models for both 
stages of inspection planning during product and process 
development as well as inspection planning during 
manufacturing stage. Consequently, the continuous planning 
and adaption of inspection processes can be addressed 
separately and purposively by a reference process based on 
engineering change management. This allows for a systematic 
adaption of quality inspection processes to the actual quality 
situation by monitoring inspection-related change drivers. As 
a result, quality costs can be reduced by eliminating 
unnecessary inspection activities or by setting up effective 
and efficient testing processes to reduce failure costs. 
By offering a framework for inspection-related knowledge 
management, a continuous learning process within inspection 
planning can be established. By transferring inspection-related 
knowledge from changing or adapting quality inspection 
activities during manufacturing stage to inspection planning 
for future product and process development, accuracy of 
inspection planning can be increased and first time right 
planning strengthened, leading to optimised inspection and 
testing processes within the stages of production ramp up and 
manufacturing. 
5. Summary and Outlook 
5.1. Summary 
Inspection processes during manufacturing stage are vital 
to assure product and process quality to the customer. As 
inspection activities are generally planned during precedent 
product and process development inspection planning 
methodologies mainly focus on initial inspection planning 
during this stage. Based on the dynamic quality situation of 
the manufacturing system, a systematic adaption of 
established quality inspection processes is necessary to ensure 
product quality to the customer as well as to reduce inspection 
and failure costs. 
The present paper provides a holistic approach for planning 
and changing quality inspection processes. Based on the 
paradigm of engineering change management, a process 
model for continuous inspection planning during 
manufacturing stage has been presented. Furthermore, a 
concept for inspection-related knowledge management 
regarding the adaption of inspection processes of 
manufacturing systems has been proposed. By considering 
three dimensions of (1) people, (2) organisation and 
(3) technology inspection-related knowledge can be 
identified, stored as well as transferred to future product and 
process development. 
The implementation of this holistic approach for inspection 
planning allows for a systematic change and adaption of 
quality inspection processes in line with the actual quality 
situation of the manufacturing system. This leads to improved 
product and process quality as well as to a reduction of quality 
costs. Furthermore, long-term planning quality of the 
inspection planning process can be enhanced by transferring 
knowledge about failure-related change demands and 
implementations to the inspection planning process for future 
product and process development. 
5.2. Outlook 
The holistic approach for planning and changing inspection 
processes has been developed in different research projects. In 
order to validate the new process methodology for inspection 
planning during manufacturing stage as well as the process 
concept for inspection related-knowledge management, 
different case studies in cooperation with manufacturing 
companies are currently set up. Within each case study, the 
applicability of the process models is investigated. 
Furthermore, an analysis of the achievable quality cost 
reduction by conducting the inspection planning process 
during manufacturing stage needs to be carried out in order to 
evaluate whether efforts spent on planning and adapting 
ongoing quality inspection processes are justified. Regarding 
the process concept for inspection-related knowledge 
management, an investigation of how improvements of the 
planning quality can be measured is necessary to evaluate the 
benefit of the knowledge transfer from inspection planning 
during manufacturing stage to future product and process 
development. 
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